Cirrhosis after viral hepatitis has been identified as a risk factor for osteoporosis in men. However, in postmenopausal women, most studies have evaluated the effect of primary biliary cirrhosis, but little is known about the effect of viral cirrhosis on bone mass [bone mineral density (BMD)] and bone metabolism.
C
irrhosis after viral hepatitis has been identified as a risk factor for osteoporosis in men (1) (2) (3) (4) . In postmenopausal women, however, most studies have assessed the effect of primary biliary cirrhosis (PBC) (4 -6) , and there have been very few studies on the effect of viral cirrhosis on bone mass and bone metabolism, with most of them including male and female patients with different ages and etiologies (1, 4, 6, 7) .
Osteoporosis is a major metabolic bone disease in postmenopausal women, and although it has never been proven, it is widely accepted that viral cirrhosis probably increases the risk of osteoporosis in postmenopausal women (4, 8) . The effects of liver cirrhosis on bone mineral density (BMD) may differ between men and postmenopausal women because there are important gender differences in endocrine function and bone metabolism. There are also likely to be differences between women with viral cirrhosis and women with PBC, a cholestatic disease with a distinct etiology and pathogenesis.
Male patients with viral cirrhosis were reported to have elevated serum levels of several potent bone-resorbing cytokines, such as IL-1, IL-6, and TNF and its soluble receptor sTNFR-55 (3, 9 -11) , and high serum sTNFR-55 levels have been related to increased bone resorption in these patients (3) .
In postmenopausal women, liver disease and the subsequent cytokine secretion might exacerbate bone loss. There is also evidence that cytokines IL-1 and IL-6 and TNF are elevated after surgical or natural menopause and may be critical factors in postmenopausal osteoporosis (12) . These cytokines increase bone resorption mainly by increasing the pool size of osteoclasts in bone marrow (12) , whereas TNF-␣ also appears to exert a direct effect by increasing the expression of the receptor activator of nuclear factor-B ligand (RANKL) in human osteoblastic cells (13) and has been reported to directly stimulate macrophages (14) .
Although it is well established that estrogen deficiency is a major etiological factor of postmenopausal osteoporosis (12) , the mechanism by which estrogen administration prevents bone loss in postmenopausal women is still not fully elucidated. Studies in laboratory animals have shown that the main mechanism is inhibition of osteoclastogenesis, because estrogen has been shown to induce osteoclast apoptosis (15) and inhibit osteoclast differentiation (16) . It was recently proposed that estrogen may modulate the secretion of factors that are produced in the bone microenvironment and participate in bone remodeling. These factors include cytokines and the RANKL/ RANK/osteoprotegerin (OPG) regulatory system (17) . RANKL, expressed on the surface of preosteoblastic/stromal cells and osteoblasts, has been identified as the key mediator of osteoclastogenesis by binding to its receptor RANK, which is expressed on the surface of osteoclastlineage cells (18) . RANKL is critical for osteoclast differentiation and activation and for inhibition of osteoclast apoptosis (19) . Its action is opposed by OPG, a soluble protein belonging to the TNF receptor superfamily, which is secreted by osteoblasts and marrow stromal cells, among others (20) . The main biological action of OPG is to inhibit osteoclast differentiation and activity (18) . The RANKL/RANK/OPG system participates in the antiresorptive action of estrogen mainly by increasing OPG production by osteoblastic and marrow stromal cells (20) .
Liver cirrhosis raises estradiol levels in postmenopausal women with alcoholic or nonalcoholic liver disease (21) , and it could be thought that these elevated serum estrogen levels might potentially help to protect the skeleton, at least in postmenopausal women, who have estrogen-deficient bone loss.
In the present study, we examined bone mass and bone metabolism changes in 84 postmenopausal women with viral cirrhosis and no history of alcohol intake and in 96 healthy postmenopausal women. We also investigated changes in serum levels of estradiol, sTNFR-55, sTNFR-75, OPG, and RANKL, analyzing their possible relationship with bone mass and bone turnover.
Patients and Methods
A total of 92 consecutive, Caucasian, postmenopausal female outpatients with viral cirrhosis (hepatitis C virus), diagnosed in the Department of Gastroenterology of the University Hospital of Granada in Spain between January 2002 and September 2006, were candidates for inclusion in the study. We excluded eight patients: two with abdominal malignancies, two who were taking T 4 , one undergoing treatment with insulin for diabetes mellitus, one with renal failure, and two who were hospitalized for variceal bleeding. We finally enrolled 84 patients. The mean age was 65.1 yr (range, 55-80 yr). The diagnosis of cirrhosis was based on liver biopsy in 60 patients and on the following clinical findings and laboratory data in the other 24 patients: physical signs of chronic liver disease, hypoalbuminemia, reduced prothrombin activity, signs of liver cirrhosis on ultrasound examination, and esophageal varices on endoscopy. Exclusion criteria were less than 5 yr past menopause, consumption of more than 50 g alcohol per week, presence of endocrine, gastrointestinal, heart, or lung disease or malignancy, and a serum creatinine concentration higher than 0.15 mmol/liter. None had a family history of osteoporosis, and none had received corticosteroids, calcium, vitamin D supplements, hormone replacement therapy, thiazide, steroids, or any medication related to mineral metabolism. None of the patients had received interferon or ribavirin treatment, and there were no comorbidities of hepatitis. All 84 patients had a body mass index (BMI) higher than 20 kg/m 2 . Our patients had the following genotypes: genotype 1b (n ϭ 58), genotype 1a (n ϭ 14), genotype 2a (n ϭ 4), genotype 4a (n ϭ 2), and genotype 3a (n ϭ 6).
The patients were classified into two groups according to the Child-Pugh score of severity of liver disease (22) : Child A group, 54 patients with well-compensated liver disease (mean age, 64.42 yr; range, 55-78 yr), and Child BϩC group, 30 patients with moderate to severe liver disease (mean age, 66.4 yr; range, 55-80 yr). Child B and C patients were grouped together because patients with moderate or severe liver disease can change from one stage to another (e.g. Child B to Child C or vice versa), and the disease severity can be very similar between some Child B patients and Child C patients.
A control group was formed of 96 healthy postmenopausal women with a history of alcohol intake of less than 50 g ethanol per week. The mean age was 63.8 yr (range, 55-79 yr). They were recruited from among hospital staff, their friends and their fam-ilies. All were Caucasian outpatients in good health. Detailed medical histories and biochemical studies were performed to identify any causes of low BMD. Their exclusion criteria were the same as those stated for patients. Patients and controls came from the same geographic area and gave their informed consent before enrollment in the study. The protocol was approved by the human ethical committee of the hospital.
Laboratory analysis
Blood and urine samples were collected in the morning after overnight fasting. Biochemical liver function parameters and serum urea, creatinine, and calcium (corrected for albumin concentration) were measured by means of a standard automated technique. Serum was analyzed using commercially available kits for sTNFR-55 and sTNFR-75, with enzyme-amplified immunocytometric assay from BioSource Europe (Nivelles, Belgium); OPG, with enzyme immunoassay from Biomedica Gruppe (Vienna, Austria); estradiol, using DSL-39100 thirdgeneration estradiol RIA from Diagnostic Systems Laboratories Inc. (Webster, TX), with minimum detection limit of 0.6 pg/ml (23); RANKL, using ELISA from Biomedica Gruppe; bone alkaline phosphatase (b-AP), by Tandem 
BMD measurements
BMD was measured by dual x-ray absorptiometry (QDR1000; Hologic, Inc., Waltham, MA). Measurements were made at the lumbar spine (LS; L2-L4 area) and femoral neck (FN). Our laboratory has a long-term coefficient of variation (in vivo precision) lower than 2% at lumbar and femoral measurement sites (24) . Values are expressed as z-score (number of SD adjusted by sex and age); 1305 females served to establish the mean in the healthy Spanish population (25) . Osteoporosis was defined as BMD 2.5 SD or more below the young adult mean at LS or FN according to World Health Organization criteria (26) .
Statistical analysis
Results are expressed as means Ϯ SD. The normal distribution of values in different groups was verified with the KolmogorovSmirnov test. Mean values in groups were compared by one-way ANOVA, followed by the Tukey multiple-comparison test. The Pearson standard linear regression analysis (normal distribution) or Spearman test (nonnormal distribution) were used for correlation studies. To compare proportion of subjects with osteoporosis, we used 2 test. Backward step-wise multiple regression analysis was used, in cirrhotic patients, to establish the most significant determinants of BMD, expressed as z-score, in LS and FN. Variables entered into the equations were Child-Pugh score, BMI, and serum values of sTNFR-55, sTNFR-75, RANKL, OPG, estradiol, 25-OHD, IGF-I, and PTH. Only variables showing a P Ͻ 0.2 were retained in the final regression model. Because sTNFR-55 and sTNFR-75 were strongly correlated, with potential for collinearity that could create an unstable model, the multiple regression analysis was performed twice: 1) with all the variables entered except sTNFR-55 and 2) with all the variables entered except sTNFR-75. No differences between the two models were found.
Results
Results of liver function tests and BMI are shown in Table  1 . The controls and cirrhotic patients had similar BMI values. None of the participants appeared malnourished. Nine of the patients had ascites, but none were jaundiced.
BMD values at LS and FN did not significantly differ between cirrhotic women and controls, between Child A and Child BϩC patients (Table 2) , or among different virus genotypes. The percentage with osteoporosis did not significantly differ between cirrhotic patients and controls (Fig. 1) . Table 2 shows that serum concentrations of sTNFR-55 and sTNFR-75 were higher in patients than in controls (P Ͻ 0.0001 for both) and in Child BϩC patients than in Child A patients (P Ͻ 0.001 for both). Serum OPG and serum estradiol concentrations were also significantly higher in patients than in controls (Child A, P Ͻ 0.03, and Child BϩC, P Ͻ 0.02, for OPG; and Child A, P Ͻ 0.02, and Child BϩC, P Ͻ 0.01, for estradiol). There was no significant difference in OPG between the two patient groups. Serum estradiol was higher in Child BϩC group than in Child A group (P Ͻ 0.02). Serum PTH concentrations were lower in patients than in controls (P Ͻ 0.03 for Child A and P Ͻ 0.01 for Child BϩC). Serum IGF-I concentrations were lower in Child BϩC patients vs. controls (P Ͻ 0.02). Serum BGP concentrations were lower in Child A and Child BϩC patients than in controls (P Ͻ 0.02 and P Ͻ 0.03, respectively). No significant differences 
Discussion
In the present study, postmenopausal women with viral cirrhosis and healthy postmenopausal controls did not significantly differ in the percentage with osteoporosis or in BMD values at LS or FN. These findings suggest that viral cirrhosis may not increase the risk of osteoporosis in postmenopausal women. The prevalence of osteoporosis in our control postmenopausal women is similar to that previously reported for women in this age range from the same geographic area (27) and other countries (28) . Nevertheless, the cross-sectional design of the study and the fact that our control women were neither family nor friends of patients may be study limitations. Our results contrast with previous reports of an association between bone mass loss and chronic liver disease in male patients (1-4) and in women with PBC (4 -6). In fact, the reported prevalence of osteoporosis in patients with chronic liver disease varies (4, 7, 8) , largely as a function of patient selection (age, gender, and years after menopause in women), etiology, and diagnostic criteria. PBC is a cholestatic disease that differs from viral cirrhosis in etiology, pathogenic mechanisms, prognosis, and treatment and may have distinct effects on bone mass and bone metabolism. Chronic alcohol consumption (with or without liver disease) and viral cirrhosis are independent risk factors for osteoporosis in men (1-4, 29 -31) . However, viral cirrhosis may not have the same effect on bone mass and bone metabolism in postmenopausal women because of endocrine and bone metabolism differences with men. Likewise, both moderate (32) and heavy (33) alcohol intake has been associated with an increase in bone mass in postmenopausal women but a decrease in men (29) . Moderate alcohol consumption has been shown to increase serum estradiol levels in postmenopausal women (34) , which may potentially help to protect bone mass against estrogen-deficient bone loss.
Serum sTNFR-55 and sTNFR-75 concentrations were higher in the patients than in the controls and were related to the severity of the liver disease, and these elevated levels may accelerate bone mass loss, as reported in men with viral cirrhosis (3). However, we found that postmenopausal women with viral cirrhosis also had elevated serum estradiol and OPG concentrations, which might prevent bone loss associated with viral cirrhosis. Although preliminary observations were described by our group in a letter to the editor (35) , this is the first published study of the relationship of serum levels of estradiol, OPG, sTNFR-5 receptors, and RANKL with the development of osteoporosis in postmenopausal women with viral cirrhosis. We have no ready explanation for the high serum OPG concentrations found in our patients, but estrogen has been found to increase OPG production by human osteoblastic cells (20) . On the other hand, although we acknowledge that elevated serum OPG levels do not reflect tissue OPG levels, the high serum OPG values in these patients may represent a homeostatic mechanism limiting the increase in bone loss produced by the high bone turnover and high sTNFR level associated with viral cirrhosis (3, 36) .
We used D-Pyr urinary excretion as a biochemical marker of bone resorption, which is found almost exclusively in bone and dentine and not in human liver fibrosis.
Only bone collagen appears to significantly contribute to urine D-Pyr (37). We found a significant positive correlation between serum OPG and D-Pyr urinary excretion and between urinary D-Pyr and both sTNFR. These results, alongside the known bone protector effect of OPG and our finding that serum OPG concentration was the most important determinant of bone mass at LS and FN, suggest that the high serum OPG levels in our patients may counteract the bone resorbing effect of high circulating levels of sTNFR in postmenopausal women with viral cirrhosis. Moreover, we found no significant differences in D-Pyr urinary excretion between patients and controls, indicating that there were no differences in bone resorption rates.
Serum RANKL concentrations were similar between patients and controls. Although a relationship between estrogen deficiency and the up-regulation of RANKL on bone marrow cells has been described (18), we cannot draw any conclusion from this finding, because circulating levels of RANKL may not predict its effect on marrow cells in the bone microenvironment (18) .
Several other factors may be involved in bone metabolism and the development of osteoporosis in our patients. In our study, cirrhotic postmenopausal women had lower serum PTH levels than controls despite having lower 25-OHD concentrations, which could be a consequence of liver disease, as previously reported in male patients with viral cirrhosis (2, 3) . In contrast, normal serum PTH concentrations have also been described in chronic liver disease (1), although male and female patients with different ages and etiologies were included in the study. The influence of PTH on bone mass loss in chronic liver disease remains unclear. Serum IGF-I and 25-OHD concentrations were only reduced in patients with advanced liver disease, which is consistent with previous studies in male patients with viral cirrhosis (2, 3). However, in disagreement with reports in male patients, we found no correlation between BMD and serum IGF-I or 25-OHD. Low serum 25-OHD and IGF-I concentrations appeared to have only a minor influence on bone mass loss in our patients.
Several studies have shown elevated serum b-AP concentrations in male patients with viral cirrhosis (2, 3), which were proposed to possibly reflect higher bone formation rates in response to high bone resorption rates. We found no differences in serum b-AP between postmenopausal women with viral cirrhosis and controls. This finding, together with similar urine D-Pyr values between patients and controls, supports the idea that bone resorption rates do not differ between postmenopausal women with viral cirrhosis and healthy postmenopausal controls.
Serum BGP values were lower in patients than in controls, and no parallelism was found between serum BGP and b-AP changes, as also found in studies of men (2, 3) . The low BGP values and the lack of parallelism between BGP and b-AP changes may be at least in part due to liver failure and might also reflect reduced BGP synthesis due to a vitamin D deficit (38) . Low serum IGF-I may also be implicated in low BGP synthesis (39) . In conclusion, this study shows that bone mass and bone resorption rates do not differ between postmenopausal women with viral cirrhosis and healthy postmenopausal controls, suggesting that viral cirrhosis does not appear to increase the risk of osteoporosis in these women. High serum concentrations of estradiol and OPG may contribute to preventing the bone loss associated with viral cirrhosis in postmenopausal women.
